not run parallel with PRA. Although the reason of the absence of PRA diurnal rhythm in congestive heart failure was not clear, it was considered that reninangiotensin system did not play a significant role for the development of PA diurnal rhythm in congestive heart failure. The determined PA values were entirely within normal range except in 2 cases, although they were administered the potent diuretics chronically.
A high PA value was observed only in early morning in one case, while all determined PA values were extremely high in another case with severe congestive heart failure involved in cardiac liver cirrhosis.
The PRA values were relatively low in 2 cases, normal in 5 and high in one.
It has been widely suspected that aldosterone is playing a significant role for the development of edema in congestive heart failure.
Initial studies reported increased urinary aldosterone excretion in congestive heart failure (Deming and Luetscher, 1950; Singer and Wener, 1953) . However, the urinary excretion and the plasma level of aldosterone in the patients have subsequently been reported with wide variation (Wolff et al., 1957; Laragh, 1962; Cox et al., 1964; Sanders and Melby, 1964; Hickie and Lazarus, 1971; Kubo, 1971; Nicholls et al., 1974) . Because of wide diurnal variation of aldosterone levels as pointed out by many investigators in normal subjects (Williams et al., 1972; Katz et al., 1972 and Vagnucci et al., 1974; Armbruster et al., 1975; Ichikawa et al., 1976) , a single determination of plasma aldosterone levels may give a misleading result. The present study was attempted in order to observe the diurnal pattern of plasma aldosterone in congestive heart failure, especially in relation to the plasma renin activity.
Materials and Methods
The studies were made on 8 patients, 4 males and 4 females, with congestive heart failure between the age of 29 and 60 years. The underlying disease and the treatment given before the study are shown in Table 1 . Although the patients had moderate to severe disability on admission, the symptoms were markedly improved before the study day following the administration of digitalis and diuretics under mild sodium restriction (80 mEqjday). However, case Table 1 . Etiology and medication just before the study day.
8, a 45-year-old female, still had severe disability and edema on the study day.
In this patient, S-GOT, S-GPT and total serum bilirubin were slightly elevated and indocyanine green retention was 21
percent. She died of plumonary edema one month after the study.
The liver and renal function tests were all within normal limits except in this case.
In order to avoid the increase in aldosterone secretion during luteal phase, two female patients, case 7 and case 8 were studied during the first half of their menstrual cycles (Gray et al., 1968; Sundsfjord and Aakvaag, 1970) . Case 5 was the postmenopausal woman.
Case 6, a 27-year-old female with mitral stenosis and tricuspid regurgitation, was delivered of a child 8 days prior to the study.
Study of the diurnal rhythm of plasma aldosterone (PA) and plasma renin activity (PRA) was performed as previously described (Ichikawa et al., 1976) . The patients were kept in supine position except at meal time for less than 15min.
Ten to 15ml of blood samples were obtained every 4 hr from noon to next noon by veinpuncture.
The blood samples were centrifuged immediately and kept frozen until analyzed. Digitalis and diuretics were stopped on the study day. The diurnal rhythm pattern and the were mentioned in the preceding report. The PA and PRA were determined by radioimmunoassay.
Commercially available radioimmunoassay kit of CEA-IRE-SORIN was used for PRA determination. The details of the method for the measurement of PA was described previously (Ichikawa et al., 1974) .
Results
The diurnal variation of PA and PRA in each case was shown in Table 2 n.d.: nondetectable (PA: less than 10pg/ml).
The PRA was also markedly elevated in this case. On the other hand, in case 7, only the peak PA at 4 a.m. was over the normal range. A diurnal variation of PRA in parallel with PA was obvious in case 1 with hypertensive heart disease. In other cases, the diurnal variation of PRA was not obvious, and the PRA did not run parallel with PA. The PRA values were relatively low in 2 (cases 2 and 5), normal in 5 (cases 1, 3, 4, 6 and 7), and high in 1 (case 8).
The serum sodium and potassium showed no consistent diurnal rhythm in 5 cases.
Discussion
An obvious diurnal rhythm of PA with the lowest value in the evening and the highest value in the morning was observed in 7 of 8 cases with congestive heart failure. The diurnal rhythm pattern of PA was just the same as in the normal subjects in our previous report (Ichikawa et al., 1976) . On the other hand, a diurnal rhythm of PRA was obscure except in one case in the present series, and PA and PRA did not run parallel in the remaining 7 cases. There was no diurnal variation in serum sodium and potassium concentration. It is not entirely clear why a diurnal rhythm of PRA was obscure in most cases of congestive heart failure. The vascular receptors in the renal afferent arterioles, the macula densa, the renal sympathetic nerves and various humoral factors are considered to be all significantly concerned with renin secretion (Davis, 1971) . However, the mechanisms controlling the diurnal variation of renin secretion have not been well defined. Recently, Vetter and his coworkers (1975) reported in normal subjects, and Stumpe and his coworkers (1976) reported in essential hypertention that betaadrenergic blocking agents abolished the diurnal variations of PRA. These observations suggest that the sympathetic nervous system plays an important role in controlling the diurnal rhythm of PRA. Modlinger and his coworkers (1976) suggested that neither changes in sodium delivery to the macula densa nor alterations in blood pressure levels at the renal baroreceptor explain the origin of renin's diurnal variation. On the other hand, some investigators (Chidsay et al., 1965; Yasui, 1968) reported the increment of urinary catecholamines excretion in congestive heart failure.
These observations indicating the abnormality of sympathetic nerve activity in congestive heart failure may explain the absence of diurnal variation of PRA. However, another possibility may be suspected that the administration of potent diuretic agents is responsible for the absence of diurnal variation of PRA.
The diurnal rhythm of PA in normal subjects has been considered to be mediated by PRA and/or ACTH (Williams et al., 1972; Katz et al., 1972 and Vagnucci et al., 1974 1976a) reported the diurnal rhythm of renin-angiotensin-aldosterone system in congestive heart failure, and indicated the good correlation between PRA and PA. However, it is unlikely that PRA is playing a signipatients, because generally PA did not run parallel with PRA. It may be conceivable that the diurnal rhythm of PA is mediated by ACTH in these cases. Armbruster and his coworkers (1975) reported that under normal sodium intake ACTH seemed to be a dominant factor controlling the diurnal rhythm of PA, while under the sodium restricted state changes in PA were mediated through the renin-angiotensin system in normal recumbent subjects. More hard restriction of sodium intake may lead the PA to be in parallel with the changes in PRA in the patients as indicated by Nicholls and his coworkers (1976a) . Studies are now proceeding in our laboratory to observe the effect of suppression of ACTH on the rhythmicity of PA in congestive heart failure. The determined PA values were entirely within normal range in 6 of 8 cases and the PRA values were relatively low or normal in 7 of 8 cases in the present series, although they were administered the potent diuretics chronically.
The extremely high level of PA was observed in one patient (case 8) with severe congestive heart failure involved in cardiac liver cirrhosis. The high level of PRA was also observed. Not only the reduction of metabolic clearance rate of aldosterone (Tait et al., 1965; Camargo et al., 1965) but also the high level of PRA would result in the raised concentration of PA in this case. Spironolactone might also induce the hyperaldosteronism through the renin angiotensin system in this patient as indicated by Nicholls et al. (1976b) .
